Abstract: Metallic biomaterials such as titanium and its alloys have been widely used as permanent implant materials due to their excellent corrosion resistance, fatigue property, and strength. Calcium pyrophosphate (CPP) is an attractive bioceramic for human tissue implantation due to its good biocompatibility and similar composition to human bone. High energy mechanical milling and spark plasma sintering (SPS) can be used to fabricate a sound composite of the Ti-Nb-Zr-CPP. In a biomaterial such as the Ti-6Al-4V ELI alloy, the coating property between the bioceramic and Ti-based alloy is very important. By addition of CPP to the Ti-Nb-Zr alloy, the Ti-Nb-Zr alloy can improve the wetability between the Ti alloy and bioceramic as a coating material. Also the porous surface of the biomaterials can improve the symphyseal ability with osteoblast. In this study, a porous surface can be made by using several different leaching solutions such as aqueous diluted H3PO4. Ti-Nb-Zr-CPP composite was fabricated by spark plasma sintering (SPS) at 1000 ℃ under 70 MPa using high energy mechanical milled powder. A porous surface was successfully fabricated by using a 40 vol%H3PO4+ 60 vol.%H2O leaching solution at room temperature for 24 h.
INTRODUCTION
With the rapidly aging population, the number of elderly needing replacements for failed tissue with artificial instruments made of biomaterials is increasing. In particular, the requirement for replacement material for failed hard tissues such as artificial hip joints and dental implants is increasing among the elderly. Metallic biomaterials have been the most suitable material for replacing failed hard tissue [1] . Metallic biomaterials such as titanium and Ti6Al-4V extreme low interstitial (ELI) alloy have been widely used as permanent implant materials in the replacement of damages hard tissues, such as artificial hip joints and dental implants, due to their excellent corrosion resistance, high strength, and good biocompatibility [2] [3] [4] . However, Ti6Al-4V ELI alloy requires surface modification before application in the human body because vanadium is a toxic element both in its elemental state and oxide form, even [5, 6] . In order to overcome these problems, research has commenced on the development of titanium alloys composed of non-toxic elements [7] [8] [9] .
Recently, the mechanical biocompatibility of biomaterials has been regarded as an important factor, with increasing research focused on the development of advantageous β-type titanium alloys such as Ti-Nb, Ti-Al-Nb and Ti-Zrbased alloys [10, 11] .
The introduction of pores in solid titanium will provide a mechanical interlock between the materials and the bone tissues, leading to a firm fixation of the material. Bone tissue grows well into the pores, thereby increasing the interfacial strength between the bone and the Ti alloy implant. Calcium pyrophosphate (CPP) ceramics have been applied as bone substitutes. The similarity of their chemical composition to the mineral phase of bone renders them an excellent biocompatibility material for tissue bone. CPP is a brittle ceramic and it is difficult to make a bulk material for biomaterial by using the ingot metallurgy method. 
EXPERIMENTAL PROCEDURES
The starting materials were 10, 20) wt% CPP, including CPP as a weight percent. Pure Nb and Zr powders (average particle size, 45 μm, 99.98%), pure CPP powders (average particle size less than 10 μm) and pure Ti powders (average particle size, 100 μm, 99.99%) were first mixed in the designed compositions and were placed in a sealed cylindrical hardened steel vial with steel balls under argon atmosphere and then mechanically milled for 4h using HEMM equipment. The density of the leached composites was measured using the Archimedes method. The microstructures of the leached composites were observed by scanning electron microscopy (SEM; JSM-6400), energy dispersive X-ray spectroscopy (EDS) and energy disperse X-ray spectroscopy (EDX).
